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Protoplasm  usually contains  both sol and  gel.  1  The  gel  is  important in 
determining form as well as in certain activities, including cell division. 
Unfortunately we  have  as  yet very lit~tle knowledge  of the  properties of 
protoplasmic gels. 
An interesting example is found in the chloroplast of SiMrogyra.  This may 
undergo remarkable alterations and change from a long, spirally coiled ribbon 
into a short, nearly straight rod.  This may occur in living cells in their natural 
environment, as stated by de Vries,  ~  and may also be produced experimentally,  s 
Most of the observations reported in this paper were made on a  S~irogyra 
with a  single spiral.  A normal ceLlS is shown in  Fig.  1A.  The  protoplasm 
forms a  layer not over 10 microns in thickness surrounding the large central 
vacuole and is held against the cellulose waLl by the hydrostatic pressure of 
the cell sap which depends on the excess of osmotic  pressure of the  sap  over 
that of the external solution.  4 
The chloroplast has  a  higher specific gravity and higher refractive index 
than the sap.  In the dark field it appears bright, rather more so than the cell- 
ulose waLl.  There is little or no birefringence in the chloroplast in its normal 
state or when contracted by 0.01 ~r BaC12 or by centrifugal force. 
The chloroplast appears to lie in  the  aqueous layer, W, between the  outer 
protoplasmic non-aqueous surface  layer, X,  and  the  inner  layer,  Y,  as  in 
Nitellc~. 5  It forms a thin ribbon Coiled spirally around the cell.  In contracting 
to a straight rod it becomes detached from the peripheral protoplasm  6 which 
remains  attached  to  the  ceLlulose  wall  while  the  chloroplast separates  off. 
1 The term "gel" is here used in a very liberal sense to include viscous liquid, elastic 
solid,  and  intermediate states. 
2 de Vries, H., Bet. deutsck, bot. Ges., 1889, 7, 19. 
s For a recent statement regarding this species, including a description of methods, 
see Osterhout, W. J. V., J. Gen. Phy~ol., 1945-46, 29, 73. 
4 This is usually below 8 atmospheres. 
s Osterhout, W. ]. V., f. Gen. Physiol.,  1944-45, 28, 23. 
6 The contraction may begin with a retraction at the ends and it may be difficult 
to determine how much separation occurs at  that  time.  Regarding simultaneous 
change in chloroplast and protoplasm see p. 185. 
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Its coils gradually shorten until finally a  nearly straight rod may result (Fig. 
1B).  Some stages in  the  process are  shown  in  Fig.  2.  The  pyrenoids  do 
not seem to change much during  the  contraction. 
It was found ~ by the writer that contraction can be readily brought about 
by  BaC12 and  SrC12 without  killing  the  cell:  later  Chien,  working  in  the 
writer's laboratory  , found CeC13 to be still more effective,  s  Scarth made an 
extensive study of the subject, finding that contractions can be caused by  a 
great variety of salts which are in general more effective the higher the valency 
of the cation)  He found that they can also be produced by alcohol, acetone, 
rise of temperature,  and electric shocks.  1° 
....  ][ 
FIG. 1.  Normal cell, A, before contraction; B, after contraction in 0.01 xt BaCI~. 
Pyrenoids  omitted.  Diagrammatic. 
FIG. 2.  Successive stages in the flattening of a single coil under the influence of 0.01 
M BaCla.  Pyrenoids  omitted.  Diagrammatic. 
It would seem natural  to suppose that these  agents are the direct stimuli 
for contraction but further experiments indicate that their action may be indi- 
rect: these experiments involve the use of centrifugal force,  n 
Osterhout, W. J. V., Am. J. Bot.,  1916, S, 481. 
s Chien, S. S., Bot. Gas., 1917, 6:3, 406. 
9 Scarth, G. W., Tr. Roy. Soc. Canada, Section V, 1922, 16, 51; 1923, 17, 137; Quart. 
J. Exp. Physiol.,  1924, 14,  99,  115.  Ca  ++ and Zn ++ are exceptional in producing 
little  or no effect. 
10 The writer finds that trypan blue acts similarly but the effect is not destroyed by 
ashing and it therefore seems to be due to an inorganic impurity. 
n  For the literature regarding centrifugal force as applied to Spirogyra see Weber, 
F., Biochem. Z., 1921, 126, 21. w.  ~.  v.  OST~ImOVT  183 
Contro~tions in  Living  Cells  Due  to  Centrifugal  Force.--When  filaments, 
firmly anchored to a slide by congealed drops of gelatin,  TM are placed in distilled 
water and subjected to sufficient centrifugal force (about 900 times gravity 
for 10 minutes) in a  direction perpendicular to the long axis of the cell, the 
chloroplast becomes loosened from its attachment to the peripheral layer of 
protoplasm which remains in contact with the cellulose wall.  13  The chloroplast 
may contract to a nearly straight rod (somewhat as shown  in  Fig. 1B), like 
that  obtained when  certain reagents  (such  as  BaCh ~)  are  applied.  This 
treatment does not kill the cell. 
This indicates that the chloroplast is normally in  a  state  of  tension  and 
therefore contracts as soon as it is freed from its attachment. 
If only a portion of the chloroplast is set free this loosened part contracts 
and straightens while the rest remains coiled in spiral form (Fig. 3). 
There is nothing to indicate  that  the process is  reversible but when  the 
chloroplast has straightened, the  cell may be killed by placing it in 0.01 ~r 
oxalic acid for an hour or more and then (after  washing in water) in 0.01 M 
Jl lE 
FIG. 3.  Shows a cell in which the application of centrifugal  force has detached $ 
coils of the chloroplast  and caused  them to straighten.  Pyrenoids omitted.  Dia- 
grammatic. 
NaOH to make the chloroplast swell and elongate.  It may then in some cases 
become somewhat longer than  the  cellulose wall and in consequence a  few 
irregular zigzag bends may appear but there is no resumption of the spiral 
form (for the swelling of collapsed masses see p. 185). 
When the centrifugal force is applied in a direction parallel to the long axis 
of the cell the result depends largely on the intensity.  If it is not high a por- 
tion of the  chloroplast may be loosened and contract, as already described. 
But if the intensity is great enough the entire chloroplast may quickly move 
to the centrifugal end of the cell before it has time to straighten and it may 
12 The cells studied are not in contact with the gelatin.  A sheaf containing 1, to 10 
filaments of St~irogyra was placed crosswise or lengthwise on a microscope slide and 
anchored by placing  drops of gelatin (20 per cent) warmed to 29°C. at each end. 
The gelatin quickly congealed and held the filaments firmly in place.  Cf, footnote 3. 
The slides were then placed in the centrifuge tubes. 
13 In some  cases, especially  when the centrifugal  force is applied in a  direction 
parallel to the long axis of the cell, the protoplasm may become separated from the 
cellulose wall in places as though it were attached to the chloroplast so firmly as to be 
dragged along when the chloroplast  moves away from the cellulose wall. 184  PROPERTIES  O1  ~  PROTOPLASMIC  GELS.  I 
become partly or completely coiled  up at the end of the cell.  14  Some fusion 
of the different parts of the chloroplast may then occur.  There may be  le~s 
detachment  than  occurs  when the centrifugal force is applied in a  direction 
perpendicular  to the long axis of the cell. 
Contractions  in Dead Cells Due to Centrifugal Force.--It might be suggested 
that when the  chloroplast is displaced from its normal position in the layer 
W  (which lies between X  and Y) it comes in contact with the sap which may 
have a  different composition  16 from W.  Hence the contraction might appear 
to be due to a  chemical stimulus. 
In order to test this suggestion experiments were made on dead ceils in which 
the composition of the sap could: be made the same as in W. 
When cells are killed  le without collapse of the protoplasm by placing them 
for an hour  or more in 0.01 M oxalic acid and then in distilled water for several 
hours, it is evident from observation of the speed with which acid stains pene- 
trate the dead cell that the diffusible components of W and the sap soon become 
alike. 
We then find that under the action of centrifugal force the choroplast may 
be loosened from its  attachment and contract as in  the  living cell.  1~  (The 
protoplasm may in some cases become dislodged from the  cellulose wall but 
with a  space between it and the chloroplast.) 
This suggests that the chloroplast contracts when it is set free from its attach- 
ment, although no chemical change in its environment may occur. 
It  may  be  added  that  in  the  presence  of  2  M  BaCI~,  CeCls, 
or LaC13 the chloroplast in dead cells may fail to loosen and contract when the 
usual amount of centrifugal force is applied.  But these  and other reagents 
at concentrations below 0.01 M applied to dead cells (killed in saturated solu- 
tions in water of guaiacol or of aniline or in 0.67 M formaldehyde) may cause 
loosening and contraction as in living cells. ~  (Inhibition of the effect of cen- 
trifugal force has also been noted ha cells killed in 0.33 M acetic acid.) 
Contraction in Dead Cells Due to Reagents.--In some cases cells may be killed 
without contraction of the chloroplast or collapse of the protoplasm.  Useful 
reagents for this purpose are acetic acid (0.33 M),13 hexylresorcinol (0.003 M), 
14 According  to Weber (Weber, F., Biochem. Z., 1921, 126, 21)  the effect of cen- 
trifugal force on living cells is more or less inhibited by ether under certain conditions. 
15 This is the case in Nitella, cf. Osterhout, W. J. V., J. Gen. Physiol.,  1944-45, 
28,  23. 
~e A convenient test of death is by plasmolysis in dilute sea water or solutions  of 
NaC1 as well as by lack of penetration of eosin, fuchsin,  or trypan blue (all National 
Aniline  Co.  products). 
xr This is  especially  evident  when the centrifugal force  is applied in a  direction 
perpendicular to the long axis of the cell. 
,3 In some cases this seems to stiffen the protoplasm so that subsequent contraction 
due to barium is prevented. w.  j.  v.  OSTEP.~OUT  185 
formaldehyde (0.67 x~),iodine (in the presence of KI),  19 and saturated solutions 
of aniline, guaiacol, or CCh,  but their action is somewhat uncertain.  Heat 
(59°C.) sometimes produces this result. 
In many cases the application 29 of 0.01 ~  BaCh  to such  cells  causes sepa- 
ration from the rest of the protoplasm followed by contraction of the chloro- 
plast, as in the living cell.  This is often the case when the  cells have been 
killed in a saturated solution of gnaiacol (about 0.18 ~) orof aniline or in 0.67 
• r formaldehyde saturated with acid fuchsin. 
The application of saturated (NI-I,)2SO4 may also cause contraction in such 
killed cells but here there is a drastic dehydration. 
Cotlapse.--This  is  a  convenient  term  to  designate  the  process  by which 
(during the death of the cell) the size of the protoplasmic mass is reduced so 
that its appearance resembles that shown in Fig. 4 (in many cases the reduction 
in size is greater than is shown in the figure).  We do not know how much loss 
IE 
FIG. 4.  Collapse of the protoplasm as the result of death, p is a peripheral layer of 
protoplasm which is normally attached  to the cell wall but here is detached.  Under 
the influence of alkali this can be made to swell up to nearly its normal dimensions with 
the chloroplast spirally coiled.  Acid causes it to shrink and alkali may then cause it 
to swell again.  Pyrenoids omitted.  Diagrammatic. 
of volume occurs in the clear protoplasm or in the chloroplast since collapse may 
be brought about to some extent by the escape of water from the vacuole. 
Collapse may be induced  by a  variety of toxic substances  although  their 
action  is somewhat uncertain.  Good results  have been obtained  with 0.01 
M oxalic acid,  21  0.1 ~  acetylcholine chloride, and 2 ~  cellosolve.  Anexposure 
of some hours may be necessary.  Saturation of the reagent with acid fuchsin 
may be helpful. 
When such collapsed cells are placed for an hour or more  in 0.01  M oxalic 
acid, then washed in distilled water and transferred to 0.01 ~ HC1 for 30 minutes 
and  then to 0.01  M NaOH the  dead protoplasmic mass  swells  and  it  may 
regain nearly all of its normal size with the chloroplast coiled in nearly normal 
position.  If the  cell is then washed in distilled water and placed in 0.01  vr 
HCI the whole mass shrinks and may become smaller than it was before the 
19 Lugol's solution diluted  with  100 parts of water.  The undiluted  solution con- 
tains KI 6 gm., iodine 4 gm., water 100 cc. 
20 Usually the solution contained enough acid fuchsin to saturate it. 
21 Oxalic acid 0.01 vr may produce collapse in some cases but in others it may kill 
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application of NaOH.  The transition from one state to the other can be made 
back and forth repeatedly in the  same cell.  ~  Each time the mass swells in 
0.01  ~t NaOH the  chloroplast resumes more  or  less  completely  its  normal 
spiral course.  ~  3  Since this does not happen when it has been separated from 
the clear peripheral protoplasm (p. 183) it would seem that the swelling of the 
clear protoplasm (which forms a  hollow cylinder closed at both ends) carries 
the chloroplast passively with it and causes it to resume its spiral form in nearly 
its natural dimensions. 
That an actual increase in volume occurs in the transfer from acid to alkali 
is  seen  when portions  of the  protoplasmic mass round  up  to form spheres 
(containing no vacuoles) the volumes of which can be readily measured.  We 
then observe that in passing from 0.01 M HC1 to 0.01 M NaOH the volume may 
double: this is reversible.  This is also the case when the mass contains only 
chloroplast with no clear protoplasm. 
From  the  relation  between swelling  and pH Loeb  ~4 was able  to ascertain 
the isoelectric point of gelatin.  With certain other substances, however, this 
could not be done and this appears to be true of the chloroplast. 
With a  collapsed mass of protoplasm, including the chloroplast, which has 
been killed in 0.01 M oxalic acid and then placed in  0.01  ~  HC1 and then in 
0.01 ~  NaOH We find, as already stated, that transfer to 0.01 ~  HC1 produces 
marked loss  in volume but if this transition is made gradually, changing the 
pH by small steps, there is little  effect and  no definite  indication  of an iso- 
electric point such as is found in gelatin. 
Loeb has also shown that the  isoelectric point of gelatin is indicated by its 
behavior toward  dyes.  ~6  For example, acid fuchsin  stains  the  gelatin more 
strongly below the isoelectric point (pH 4.7)  than at higher pH values (after 
staining the dye was washed out at various pH values). 
It is  of interest  to perform similar experiments with the  chloroplast.  The 
cell is stained on the slide for 24 hours in a 0.1 per cent solution of acid fuchsin 
(in 0.01 ~ HC1) at pH 2.  The solution is drained off and the cell is then washed 
in 0.01 M HC1 for 5 minutes after which it is examined.  As the stain comes out 
it is found that the chloroplast retains a good deal of color: some also remains 
in the protoplasm but very little in the cell wall.  ~e 
~ There is, however, very much less alteration in volume if the change in pH is 
made gradually instead of suddenly. 
23 To visualize  the process we may imagine a crude model made by forcing into a 
thin-walled rubber tube enough water under pressure to dilate it to 5 times its diam- 
eter.  Then a stretched robber band is wound spirally around it and fastened at the 
ends.  When the pressure is released and the rubber tube collapses the rubber band 
shortens  and tends to become straighter. 
Loeb, J., Proteins and the theory of colloidal behavior, New York, International 
Chemical Series, McGraw-Hill Book Co., Inc., 2nd edition, 1924, 240 ft. 
~Loeb,  24  p.  18. 
Prolonged washing removes  more  of  the  stain. w.  j.  v.  osxv.m~o~r  187 
When the cell is placed in 0.1 per cent acid fuchsin in acetate buffer at pH 
3.6 and washed out for 5 minutes in the same buffer containing no stain less 
color is retained by the cell.  As we increase the pH of the acetate buffer in 
which the cell is stained and subsequently washed out we find that less and less 
color remains until  above 4.7  practically no stain is retained. 
Since the result with staining depends on the length of time allowed for the 
washing out (it was the same in all cases) another method was employed.  The 
ceil is placed in 0.1 per cent acid fuchsin and left until staining is complete and 
examined without removing it from the stain.  It is then found that at pH 2 the 
chloroplasi~is deeply stained but the amount of staining decreases as the pH rises 
until above pH 4.7 very little stain is taken up by the chloroplast.  ~7 
In all these cases the cell was killed by the treatment. 
Experiments with Other Species of Spirogyra 
The foregoing account deals with a Spirogyra with one spiral which may be 
called species I.  Additional experiments were made with a Spirogyra  28 having 
2  spirals which may be called species II.  When  this was treated with lead 
acetate 0.01 ~  (at about pH 6) the chloroplasts contracted somewhat without 
becoming detached from the peripheral layer of clear protoplasm adhering to 
the  cellulose wall (Fig.  5)  so that instead of extending from end to end the 
chloroplasts occupied only about two-thirds of the length of the cell.  ~9  The 
distances between the coils shortened and the pitch increased correspondingly, 
suggesting  a  uniform contraction  throughout  the  length  of  the  chloroplast. 
It is therefore evident that under the influence of lead acetate a certain amount 
of retraction can occur without detachment.  This result is not produced by 
0.01 ~ lead nitrate. 
To reach the stage shown in Fig. 5B usually requires about 10 minutes.  If the 
lead acetate is promptly removed by washing in water the chloroplasts may 
:return to their normal position in about 15 minutes: hence the process is revers- 
ible if not carried too far. 
On standing  longer in lead acetate irreversible changes occur.  The chlo- 
27 If the chloroplast behaved like gelatin with an isoelectric point in the neighbor- 
*hood of 4.7 we might expect addition of salts to cause contractions above the isoelectfic 
point which would increase with the valency of the cation as stated by Scarth for the 
chloroplast but only if the contractions corresponded to a loss in volume and if the 
concentrations of the applied electrolytes were sufficiently  high.  Loeb has pointed 
out that loss of volume does not run parallel to the precipitating power of the electro- 
lyte (Loeb,  24 p. 18), 
~s The length of the cells averaged about 120 microns and the width about 21 mi- 
crons.  The chloroplast was about 5 microns wide and usually showed 2 or 3 complete 
turns with pyrenoids at regular intervals.  A "typical" nucleus was not observed 
but no attempt was made to demonstrate a nucleus  by staining. 
n This does not apply to species I, where 0.01 ~  lead acetate and 0.01 M lead nitrate 
act like 0.01 M barium chloride. 188  PROPERTIES  OF  PROTOPLASMIC  GELS.  I 
roplast becomes detached from the peripheral layer of protoplasm adhering to 
the cellulose wall and this is accompanied by straightening.  Eventually the 
two chloroplasts may approach each other and form an elongated mass, the 
length of the mass being about one-third that of the cell and the width about 
half that of the cell.  Inside this mass the chloroplasts appear to be more or less 
twisted together with some fusion. 
In 0.01 ~t lead acetate the cells appear to live for at least 1 hour. 
In 0.01 ~t BaCI~ the chloroplasts do not contract until they become detached 
from the peripheral layer of protoplasm adhering to the cellulose wall.  There 
are many cases where the ends of the chloroplasts are in the peripheral proto- 
plasm and have not pulled away from the end walls but in the middle of the 
FIO. 5. Spirogyra with 2 spirals.  A,  normal.  B, after exposure to 0.01 It lead 
acetate for 10 minutes.  If the lead acetate is promptly removed the chloroplast may 
go back to its original state as shown at A.  Pyrenoids omitted.  Diagrammatic. 
cell the chloroplasts are detached from the peripheral protoplasm and show 
contraction. 
Eventually the chloroplasts become nearly straight rods running the entire 
length of the cell or nearly so.  They lie side byside for a time but many even- 
tually fuse more or less completely and considerable shortening may occur. 
As this process continues they may form a  single mass occupying about two- 
thirds of the length of the cell. 
When centrifugal force is applied perpendicularly to the long axis of normal 
cells the chloroplasts behave  as in species I  and may eventually come to lie 
side by side as nearly straight rods occupying most of the length of the cell. 
In some cases this takes place in one chloroplast while the other retains for 
a  time its normal position and appearance.  In other cases one end of one 
chloroplast is at first affected while the remainder retains for a time its normal 
state and the second chloroplast shows no change. w.  J.  v.  OST~P~OUT  189 
Another species with 4 spirals and a  typical nucleus behaves like species I 
in regard to BaC12 and lead acetate; with lead nitrate its behavior is similar to 
that with species II with lead acetate but after the preliminary retraction from 
the ends the process is not reversible; this retraction from the ends is followed 
by contraction such as is seen with BaC12.  The contraction caused by BaC12 
and by centrifugal force appears to be irreversible. 
It may be added that with living cells of all the species all the results hitherto 
described are highly variable, depending on the season of year, the length of 
time the cells have stood in the laboratory, and the medium in which they are 
kept.  In many cases distilled water proved useful as a  medium, in other cases 
a  saturated solution of CaCO3 or Solution A.  ~ 
DISCUSSION 
Some  important  questions  arise  in  connection  with  these  observations. 
If we cannot hope to answer them at the present time we can at least mention 
them briefly. 
1.  If the chloroplast is a gel in a state of tension how does it become spirally 
coiled in the cel? 
Evidently as the growing cell lengthens the chloroplast elongates to keep 
pace with it.  Since the ends of the chloroplast are not in contact with the end 
walls the mechanism is not like that of a compressed spiral spring (which would 
not shorten when set free from its attachment). 
In growth the cellulose wall (a hollow cylinder closed at both ends) increases 
in length but not in diameter (this is a matter of considerable interest which 
cannot be discussed bere).31 
The protoplasm is closely applied to the cellulose wall and is held there by 
the hydrostatic pressure of the cell sap and it lengthens as the cellulose wall 
lengthens.  When  the  cell is killed  or plasmolyzed water escapes.  If the 
cellulose wall and the protoplasm then decrease in length the change is only 
slight and this applies also to the chloroplast as long as it remains imbedded 
in the protoplasm and consequently retains its spiral form.  But when the 
chloroplast in the living or dead cell is set free from the clear protoplasm (by 
centrifugal force or otherwise) it may lose 80 per cent of its length.  It would 
therefore seem that during growth the protoplasm stretches  the chloroplast 
and forces it to assume a spiral course.  This condition once set up may persist 
in the dead cell (p. 184). 
The chloroplast is evidently attached along its entire length since any part 
which becomes free straightens at once  (Fig.  3). 
The course of the chloroplast may evidently be  determined by the rest of 
the  protoplasm,  as  happens  with  the  longitudinal rows  of  chloroplasts  in 
3o Osterhout, W. J. V., and Hill, S. E., ]. Gen. Physiol., 1933-34, 17, 87. 
31 There is a local increase in diameter during the process of conjugation. 190  PROPERTIES  OF PROTOPLASMICGELS.  I 
Nitella which extend the entire length of the cell.  In the youngest cells the 
rows are nearly straight but later both they and the protoplasm  32 in which 
they lie take a spiral courseY 
It is of interest in this connection to note that in some species of Spirogyra 
with more than one chloroplast, the  chloroplasts may show transitions from 
nearly straight  to decidedly spiral.  In such cases there is a  closer analogy 
with the situation in NitelIa. 
In view of this it seems possible  to suppose  that  the protoplasm takes  a 
spiral course and carries the chloroplast with it so that the chloroplast may 
become passively stretched by the  elongating protoplasm.  Perhaps  similar 
considerations apply to Spirotaenia ~  where  the  chloroplast may be axial in 
the cell with spirally twisted longitudinal ridges. 
Further evidence that it is the protoplasm which determines the course of 
the chloroplast is seen in the fact that in species where two or more chloroplasts 
are present they never interfere with each other.  In the species employed in 
these experiments a  cell is occasionally seen where the chloroplast does not 
terminate at the end of the cell but makes a complete loop but without touching 
the end wall and returns for some distance on a  course parallel to the  coils 
already existing (and half way between them). 
2.  If the  chloroplast is passively stretched by the  elongating protoplasm 
it is not surprising that it contracts as soon as it is set free by centrifugal force 
or otherwise.  Usually the contraction stops (for a time at least) approximately 
at the stage shown 35 in Fig. 1 B.  But if the cell is allowed to stand in water 
contraction may continue and the chloroplast may break up into a number of 
small masses. 
If the chloroplast is passively stretched contraction may simply be a reversal 
of the process of stretching.  Perhaps to some extent a change from gel to sol 
may be involved.  It has been shown in a previous pape  rS~ that, in some cases 
at least, there is a loss of volume.  This may suggest syneresis. 
It may be added that when toxic agents cause collapse of the entire proto- 
plasmic mass (p. 185) the protoplam may acquire a granular or "coagulated" 
appearance which suggests precipitation. 
3.  How is  the  chloroplast held in place and prevented from contracting? 
Our  knowledge  of the  forces controlling adhesion  is  too limited  to permit 
analysis  of this at present.  Evidently the  contractile power of the  chloro- 
82 The spiral course of the protoplasm is shown by the "white line" in the proto- 
plasm.  Cf. Osterhout, W. J. V., J. Gen. Physiol., 1944--45, 9.8, 17. 
88 The direction of the spiral is that of a carpenter's wood screw: in the Spirogyra 
here employed the direction of the spiral is opposite to this. 
34 Cf. Smith, G. M., Fresh-water algae of the United States, New York, McGraw- 
Hill Book Co., Inc., first  edition,  1933, 565. 
,80sterhout, W. J. V., J. Gen. Physiol., 1945-46, 29, 73. w.  j. v.  OST~mIOUT  191 
plast is very feeble.  The fact that it may eventually contract to a sphere in 
some cases, as stated by Scarth, suggests that it may at times act as a viscous 
fluid. 
Since it comes away from the protoplasm with a sharply defined boundary 
it must have a  surface layer which is immiscible with water: this might be 
solid or liquid.  Perhaps  the contractile power resides chiefly or entirely in 
this surface layer.  ~  When the chloroplast contracts to a  sphere the surface 
must become very much smaller (in some cases it must shrink to about 20 per 
cent of its normal extent). 
It may be noted that most of the reagents which set the chloroplast free so 
that it can contract are inorganic and according to Scarth are in general the 
more effective the greater the valency of the cation.  It might be suggested 
that in addition to setting the chloroplast free they also serve as direct stimuli 
for contraction but in that case we must explain why the chloroplast contracts 
when set free by centrifugal force alone in both living and dead cells. 
It is possible that the contraction may proceed differently in different cases. 
Scarth speaks of more than one type of contraction. 
4.  It would be of great interest to know what plant and animal cells contain 
gels under tension and what functions they perform. 
In many cases such gels must play an important part in determining the 
shape of the cell as, for example, in the protozoa.  Tension must play a part 
in determining the shape of many chloroplasts and of the vacuole in Droseta 
which undergoes irregular change in shape during the process of digestion,  s~ 
Certain features of cell and nuclear division suggest that gels under tension 
play an important part in these processes.  In Spirogyra the cell is cut in two 
after nuclear division by the growth of a ring of gel or of a solid which starts 
at the periphery and grows until it divides the cell into two halves. 
It would seem that many of the problems involved in the study of protoplas- 
mic gels must depend for their solution upon knowledge of the properties of 
molecules  consisting  of  long  chains.  Such  studies  are  now  being  made, 
especially in connection with polymers and we may hope for rapid progress in 
this field. 
It seems appropriate  to say, in conclusion, that killing the  protoplasm is 
a  good way to reduce the number of variables which make the  study of life 
processes difficult, provided that the important variables persist  after death. 
In the present instance this appears to be the case since the chloroplast after 
s6 The behavior recalls that of the protoplasmic strands in certain plant hairs which 
may rupture and slowly contract (these strands show protoplasmic motion and must 
be fluid with a firm surface layer).  Cf. Kiister,  E., Die Pflanzenzelle, Jena, Gustav 
Fischer, 1935, Figs. 2 and 3, pp. 8 and 9. 
sT Lloyd, F. E., The carnivorous  plants, Waltham, Massachusetts,  Chronica Bo- 
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the death of the cell continues to react to certain physical and chemical agents in 
much the same manner as before.  We can then control the composition of the 
solution surrounding it as we cannot in the living cell. 
SUMMARy 
The  chloroplast of Spirogyra is a  long, spirally coiled ribbon which may 
contract to form a  short, nearly straight rod.  This happens under natural 
conditions and it can also be produced by a variety of inorganic salts and by 
some organic substances. 
It also occurs when the chloroplast is freed by centrifugal force from the 
clear peripheral protoplasm which is in contact with the  cellulose  wall.  It 
would therefore seem that the chloroplast may be passively stretched by the 
action of the clear protoplasm and hence it contracts as soon as it is set free. 
This contraction happens in dead as well as in living cells. 
It would be of much interest to know how the protoplasm brings about the 
coiling of the chloroplast and how the chloroplast is set free by various reagents. 
Presumably they must penetrate the living protoplasm to produce the effects 
described. 
In one species partial contraction without detachment from the peripheral 
protoplasm can be brought about by lead acetate.  This is reversible.  Lead 
nitrate does not produce this result. 
The attack upon the problem is greatly facilitated by the study of dead 
cells.  Thereby we reduce the number of variables but the chloroplast continues 
to react to certain chemical and physical agents in much the same manner as in 
the living cell and the solution surrounding it can be controlled as is not possible 
in the living cell. 
We must await further investigation to learn what plant and animal cells 
contain gels under tension and what functions they perform. 